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Abstract 
In order to ensure a comprehensive monitoring of the material structuration in liquid phase, the traditional ultrasonic techniques 
require excitation in contact which is often inadequate for online tracking. To monitor the material evolution remotely, a new 
electromagnetic ultrasonic sensor (EMUS) was successfully developed in our laboratory. The EMUS transducer is based on a 
resonant thickness shear mode sensor (TSM) magnetically coupled to a high frequency antenna. The TSM resonator consists in a 
piezoelectric AT-cut quartz plate with metal electrodes on opposite sides. The application of a radio frequency electrical signal 
gives rise to the excitation of a shear mechanical resonance. The work presented here allows characterizing the acoustic behavior 
of the EMUS. A laser vibrometer is used to scan the surface of the TSM resonator and visualize the propagation of the generated 
surface waves. This study shows a good agreement between experimental and theoretical results which encourages the study of 
acoustic interaction between the TSM resonator and a material in contact with the quartz surface. They therefore suggest that this 
non-destructive technique can be used to extract the viscoelastic properties of materials. 
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1. Introduction 
In order to monitor the material without wired connection, a new electromagnetic ultrasonic transducer (EMUS) 
was successfully developed in our laboratory [1]. The EMUS transducer is based on a resonant thickness shear mode 
sensor (TSM) magnetically coupled to an antenna. The acoustic part of this TSM sensor is a piezoelectric AT-cut 
quartz disc whose electrodes operate like an antenna [2], without contact. The application of a radio frequency field 
gives rise to the excitation of a shear mechanical resonance. 
In a first step, this work proposes to characterize the transient behavior of the EMUS acoustic transducer surfaces. 
A laser vibrometer is used to measure the vibrations of the surface of the TSM resonator and visualize the 
propagation of the generated surface waves [3]. An analysis of the signals is then carried out to quantify the transient 
aspects including the mode conversion sequence and to measure the dispersion curves. This study shows a good 
agreement between experimental and theoretical results. 
The proposed results clearly show the good agreement between the measurements made without wired connection 
and those obtained by contact. This promotes the study of the interaction between the EMUS transducer and a 
material in contact with the quartz surface. These results also suggest that this sensor can be used to extract the 
viscoelastic properties of materials. 
2. EMUS sensor characteristics 
The TSM sensor consists in a quartz thin disk on which the electrodes are deposited on each face. Due to the 
piezoelectric properties of quartz, it is possible to mechanically excite the crystal by applying a voltage across its 
electrodes. The electrodes are made of gold [4]. 
Figure 1 (left) shows the geometry and dimensions of the TSM sensor (Q-Sense). The surfaces were optically 
polished, with less than 3 nm roughness (RMS or Root Mean Square). The operating frequency of this sensor is 
5MHz, corresponding to its thickness (330ȝm). The bunk square outline on the top view shows the area that will be 
scanned for the study of the acoustic behavior of the transducer. 
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Fig. 1. TSM sensor (left) and the EMUS transducer design (right) 
The basic principle of the EMUS transducer is to use an RF resonator to excite the TSM resonator 
(Figure 1 right). The RF resonator consists in two cylindrical conductive parallel strips separated by a layer of 
Teflon [5]. We set the RF resonator so that it has a resonant frequency of 5 MHz, in order to match the RF resonant 
frequency with the mechanical resonance frequency of the TSM resonator. 
3. Instrumental set-up 
Previous works [6] have shown that the materials in contact with a TSM resonator interact mechanically and alter 
the resonance frequency and the oscillation amplitude in proportion to the density and to the viscosity. Variations of 
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these parameters can be measured using a network analyzer. But classical excitation (contact) makes the use of this 
kind of sensors when necessary to characterize fluid volumes. 
To avoid this limit and use the TSM resonator without wired connection in the field of non-destructive testing, 
we propose an EMUS transducer. This transducer can realize the remote excitation with a RF resonator frequency. 
Inductive coupling between the probe T / R (Transmit / Receive) and the RF resonator generates a voltage to the 
electrodes of TSM resonator. Figure 2 shows the experimental setup with the remote excitement. 
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Fig. 2. Experimental set-up for the EMUS behavior monitoring 
This system aims to track the propagation of waves in order to optimize the sensors or perform non-destructive 
testing of materials. For this work, vibration measurements were made using a mono-point laser vibrometer Polytec , 
the measuring head model is OFV-505 (class 2, <1mW and 633nm wavelength) and model High frequency 
controller OFV-2570 (measuring frequencies up to 24MHz). Two linear translation stages (Newport ILS CCL 150) 
are implemented in order to ensure the movement in two dimensions (X, Y) for the mapping of a sample. The 
oscilloscope (LeCroy WaveSurfer 24xs-A) can acquire signals that are then stored in the computer. 
4. Results and discussion 
4.1. Space-time signals 
In a first step, we excite the EMUS transducer remotely by a continuous sinusoidal signal with a 5 MHz 
frequency and a 10V peak to peak amplitude. A 40 dB amplification is performed on the output electrical signal. We 
perform a scan on the central area of the sensor surface TSM, in a square whose side is equal to 10mm. 
In a second step, the only TSM sensor is excited by contacting a continuous sinusoidal signal with the 5 MHz 
frequency and in same conditions of amplitude, in order to have signal references. Figure 3 shows a part of the 
spatio-temporal signal S (x, y, t) recorded. The times chosen are synchronized with the excitation sinusoid, every 
half-periods. 
In contact TSM 
excitation
EMUS sensor
 
Fig. 3. Experimental results for remotely sinusoidal excitation (F = 5 MHz). 
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These results show a very good agreement on the wave forms between the remotely excitation using the EMUS 
sensor and the case of excitation in contact. These results validate the concept the innovative sensor with a remote 
electromagnetic excitation. 
The study of four images reveals also that there are two modes simultaneously. 
4.2. Modal analysis 
In order to distinguish the two different modes, we perform a 2D low-pass Finite Impulse Response (RIF) filter 
[7]. The obtained results are presented in Figure 4. We can observe that the short wavelength waves are due to the 
A0 mode (wave number about 12 rad.mm-1). The opposite phase changes are issued from the A1 mode (wave 
number about 2 rad.mm-1). 
The long wavelength (A1 mode) vibrates the quartz in four areas, and the small wavelength (A0 Mode) is present 
on the entire surface.  
 
Fig. 4. Modal analysis of the EMUS response at F = 5 MHz. 
5. Conclusion 
In this article, the acoustic behavior of an EMUS transducer was studied in sinusoidal excitation, validating the 
proof of concept of the remote excited sensor. 
This work encourages the study of the acoustic response of this EMUS transducer when a material is loaded on 
the sensor surface. The aim is then to use this sensor to extract the viscoelastic properties of the material. 
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